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Replacing wheat flour with protein rich flours, determine changes in the rheology of the dough and in the quality 
of the finished. The study of the rheological behavior of the dough when replacing 10% wheat flour with plant 
protein flours. Mixtures of wheat flour and 10% protein rich ingredients were used: Pleurotus flour, pea protein 
isolate, protein hydrolysate from corn, soy protein isolate, oat protein, hemp protein, sea buckthorn protein. 
Mixolab system was used to perform the rheological analysis of the dough. Water absorption ranged from 57.1% 
in the wheat flour sample with the addition of hemp seed protein ingredients and 67.4% in the wheat flour 
sample with the addition of soy protein isolate. The sample with Pleurotus flour had the lowest degree of soaking 
(C2=0.226). The gelatinization of the starch took place at different temperatures depending on the sample, being 
between 79.1-84.5°C. The temperature range for enzymatic activation was between 86.4-88.8°C. The rheological 
characteristics of the samples are influenced by the type of added flour and the amount of protein present in each 
sample.  
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INTRODUCTION 
Bread is a product consumed around the world that continues to evolve and 
reinvent itself by replacing wheat flour with various flours to create new 
improved variants suitable for each diet. The replacement of wheat flour with 
protein rich flours determines changes in the rheology of the dough and in the 
quality of the finished product (Millar et. al., 2019; Tebben et. al, 2018). Gluten 
proteins (glutenins and gliadin) in wheat are responsible for the unique 
viscoelastic dough, suitable for leavened products (Ribeiro et. al., 2018). After 
replacing parts of wheat flour with other types of flour such as teff, green peas and 
buckwheat flour, the rheology of the dough and the structure and quality of the 
finished product may be adversely affected, so the maximum 45% possible should 
be considered (Collar, Jiménez, Conte, & Fadda, 2014). The rheological properties 
of the dough are useful for predicting the application potential of different legume 
flours in wheat flour, because the protein in the flour has a major role in the 
quality of the dough and the finished product obtained later (Idriss et. al., 2012; 
 
 
Banu et. al., 2020). The ingredients used in the preparation of the bread undergo various physical and chemical 
changes throughout, such as the evaporation of water, the denaturation of proteins, the gelatinization of starch, the 
formation of the porous structure, the expansion of the volume until the formation and browning of the crust. All 
these changes are very important in the sensory quality of the finished product (Idriss et. al., 2012; Mohammed et. 
al., 2012).  
 The formation of bread dough is one of the simplest recipes, its base being made of wheat flour and water to 
which various ingredients can be added.  
 In recent years, the production of basic food products has received special attention in the preparation of new 
products enriched with legume flour, especially bread because it can be easy to prepare and the finished product 
will have a higher content of dietary fiber, trace elements, proteins and other bioactive compounds (Melini, Melini, 
Luziatelli and Ruzzi, 2017; Ivan Svec & Saputra, 2015; Yuejiao et.al., 2019). In Romania, the assortment of grain 
legumes covered, over time, about 10 species, some of economic importance (pea, field beans, soybean, chick pea, 
lentils), some grown on small areas and of regional significance (for example, broad beans, peanuts, white lupine, 
yellow lupine, cow pea) (Roman et. al., 2016). A plant with great potential is Pleurotus gennus (Pleurotaceae, 
Basidiomycetes) because it includes a large group of edible mushrooms with high nutritional value, therapeutic 
properties and various applications in biotechnology and the environment (Popa et. al., 2017). 
 The aim of this work was to evaluate the rheological behavior of the dough after substituting 10% of wheat flour 
with protein ingredients (flour, concentrate and protein isolate) from plant sources (Pleurotus flour, pea protein 
isolate, soy protein isolate, oat protein concentrate, protein ingredients from seeds hemp and sea buckthorn). 
 
MATERIALS AND METHODS 
Wheat flour (11.20% moisture; 10.89% protein; 0.89% fat; 76.35% starch) was bought from the market and used 
as control sample. Six protein powders were used to increase the protein control: Pleurotus flour (obtained in the 
laboratory from fresh Pleurotus mushrooms), pea protein isolate and soy protein isolate (Supremia Group Alba Iulia, 
Romania), oat protein concentrate (VTT Finland), protein ingredients from seeds hemp and sea buckthorn (Natural 
ingredients R&D Romania). Mixtures were formed by replacing 10% of the wheat flour with each of the powders 
listed above. 
 
 Physico-chemical analyzes 
 Physico-chemical analyzes were performed for characterization of the protein ingredients: determination of the 
protein content by the Kjeldhal method, lipid content by Soxhlet extraction, ash content by calcination and 
determination of moisture or dry matter content by means of an oven. 
In order to obtain Pleurotus flour, freshly purchased mushrooms were used. The mushrooms were washed under 
running water, drained and cut into strips of about 5 mm and then dried in a convective electric dryer at a 
temperature of 50°C until the mushrooms reached a humidity of 7-8%. Dehydrated Pleurotus mushrooms were 
ground using Retsch Mill model GRINDOMIX GM 200 and turned into powder (Pleurotus flour). 
 
 Color analysis 
 The color of the samples was measured with Konica Minolta Colorimeter (Spectrophotometer CM-5, Japan) 
where 3 parameters were determined respectively: parameter L- measures the brightness of the sample on a scale 
from 0 to 100, where the value 0 represents black and the value 100 represents white; parameter a - represents the 
color of the sample on the scale from pure green to pure red, where the negative values are green, the positive values 
are red and 0 is neutral and parameter b - represents the position of the sample on a scale from pure blue to pure 
yellow, where the negative values are blue, the positive values are yellow and 0 is neutral. Before starting the 
analysis of the samples, the defense is calibrated. The preparation of the samples consists in filling with a sample 
the special cylinder for the device (diameter of 45 mm and a height of 17 mm), without leaving air gaps. The sample 
thus prepared in the glass is placed on the measuring area. The sample glass is rotated to another 9 positions to 
obtain the most accurate values, the values being displayed on the screen. 
 
Determination of the dough rheological properties by Farinograph 
The dough rheological properties were determined using a Brabender Farinograph (Germany). The strength of the 
flour influences the amount of water needed to obtain the dough of normal consistency, changing the rheological 
properties of the dough into dough, the shape and volume of the bread. The two Z-shaped blades of the farinograph 
mixer rotate at constant speeds and subject the dough to the mixture at a constant temperature 30°C. The amount 
of flour used is calculated according to the initial moisture of the flour. The amount of water added is approximate 
to reach a maximum consistency of 500 UF (flour units) (the consistency of the dough should be between 480 and 
520). The maximum moment recorded by the curve is also the moment of dough formation. The recording of the 
farinographic curve continues at least 12 minutes after the end of the dough development time. 
 
Determination of the dough rheological properties by Mixolab 
 The dough rheological properties were determined using a Mixolab Chopin (France). Determination of the 
hydrating capacity of the flour, of the dough's kneading behavior (forming time, stability, elasticity, softening), 
heating behavior, when the enzymatic activity intensifies, protein coagulation and starch gelatinization, and 
subsequent cooling, when the starch gels and then downgrade. These changes are determined on the basis of the 
measurement by means of a moment sensor of the opposite moment of the dough to kneading. The information 
obtained is transmitted to a computer for processing and performing the calculations (Hrušková et. at., 2013). 
 The working method of the Mixolab analyzer (Chopin Technologies, France) (AACC, 2010) consists in the 
formation of the dough between the two kneading arms, during a heating and cooling cycle. When passing the flour 
moisture parameter, the software calculates the amount of flour to be loaded into the mixolab tank and the amount 
of distilled water to be injected to obtain 75 g of dough, and the target consistency (torque) was 1.1 ± 0.05 Nm. The 
dough was subjected to double mixing (80 rpm) during a heating and cooling program, according to the "Chopin +" 
protocol: mixing at 30°C for 8 min, heating at 90°C at 4°C/min, maintaining at 90°C for 7 min, cooling to 50°C at 
4°C/min and keeping at 50°C for 5 min. The Mixolab program (version 4.0.8) was used to record curves and to 
calculate dough mixing parameters. Mixtures of wheat flour and protein powders were analyzed at adapted 
hydration (for example the initial torque C1 was kept constant at 1.1 Nm) (Culețu et. al., 2015; 2019; Aprodu et. al., 
2019). 
 
Determination of the dough rheological properties by Texture Analyser 
 Texture is one of the important characteristics for assessing the quality of food. By instrumental measurement 
of the texture, the sample is compressed by the application of a force and by the measurement of texture parameters 
corresponding to the product. The texture properties of the dough samples were measured with the Instron Texture 
Analyzer (model 5944, Illinois Tool Works Inc., USA), using two 12 mm diameter compression pistons and a 50 N 
load cell. The test was performed at room temperature, one test in the middle of each dough sample, immediately 
after its formation. Methods of analysis included a cycle of two compressions of 20 mm depth, the compression 
speed being 2 mm / min. Three measurements were performed for each sample. Using the Bluehill 3.13 program, 
the texture parameters were calculated: firmness (hardness), expressed in N (strength 40%); elasticity [N]; 
cohesiveness; gumminess [N]. The results from the respective farinograph, the amount of flour and water were used 
to form the dough (Gül and Șen, 2017; Bo Peng et. al., 2017; Tebben et. al, 2018). The dough sample for texture 
analyses had 25 g, spherically shaped with a diameter of about 35 mm. 
 
Determination of the dough rheological properties by Rheometer 
 The rheology measurements of the dough were done using a dynamic rheometer (HAAKE MARS 40, Thermo-
Scientific, Germany) equipped with a temperature control unit (Peltier) and RheoWin Software for data acquisition. 
The rheometer was used with a plate-plate geometry (35 mm rotor diameter) with a gap of 2 mm. The dough sample 
was fixed between the plates of the rheometer, the excess dough was carefully removed, and a thin layer of silicon 
oil was applied to the sample surface to prevent loss moisture during measurement.  
 The frequency sweep test was performed on the frequency range of 0.1 - 10 Hz at a shear stress of 10 Pa and the 
viscoelastic properties of the dough samples were determined (modulus of elasticity G' and modulus of viscosity 
G'').  
 To determine the deformation (creep) behavior of the dough samples, a constant shear stress of 10 Pa was 
applied to the dough sample and the deformation of the samples was recorded as a function of the deformation 
time.  
 
RESULTS AND DISCUSSIONS    
The results from the compositional analysis of proteins powders are presented in Table 1. 




















Moisture (%) 11.2 8.37 6.42 6.31 9.34 4.93 7.68 
Protein (%) 10.89 16.75 74.02 82.79 44.1 29.65 14.4 
Fat (%) 0,89 1.36 0 0.54 2.51 11.88 10.19 
Ash (%) 0.56 5.66 5.24 3.93 3.69 5.77 4.48 
Total carbohydrates 
(%) 
76.35 67.86 14.32 6.43 38.82 13.29 18.03 
 
 The highest protein content was in the soybean sample 82.79%, followed by the pea sample 74.02%. The lowest 
protein content is 14.40% in the sea buckthorn (Table 1). 
 

























L*(D65) 90.53 68.62 80.89 89.7 92.96 53.71 42.22 
a*(D65) 0.59 4 3.5 -0.34 -0.31 2.49 7.65 
b*(D65) 10 17.68 19.41 11.84 5.78 16.19 10.01 
Mixtures of 
wheat flour + 
10% protein 
ingredients 
L*(D65) - 85.49 87.33 89.79 90.53 82.45 78.92 
a*(D65) - 1.31 1.37 0.33 0.23 -0.18 2.14 
b*(D65) - 11.48 12.25 10.79 9.23 11.95 12.44 
Dough from 
mixtures 
L*(D65) 79.05 66.26 72.09 76.49 75.84 57.92 47.47 
a*(D65) 1.58 4.09 3.32 1.72 1.33 1.8 9.54 
b*(D65) 16.44 21.12 20.48 18.28 16.92 17.48 24.35 
  
 Following the color analysis, it can be seen how the lightest sample of oat protein ingredient retains its lightest 
color even in the mixture with wheat flour but also in the formation of the dough. Also, the darkest sample consisting 
of a protein ingredient from sea buckthorn seeds remained the darkest sample when mixed with wheat flour but 
also when forming the dough. 











Figure 1 (b) Wheat flour mixture with 10% Pleurotus mushroom flour 
 
Figure 1 (c) Mix wheat flour with 10% pea protein isolate 
 
Figure 1 (d) Mixture of wheat flour with 10% soy protein isolate 
 
 
Figure 1 (e) Mixture of wheat flour with 10% protein concentrate from oats 
 
Figure 1 (f) Mixture of wheat flour with 10% hemp protein ingredient 
 
Figure (g) Mixture of wheat flour with 10% sea buckthorn protein ingredient 
 










































(DDT - mm:ss) 
2:27 4:33 10:56 6:59 5:03 2:00 5:54 
Consistency  
(C- FE) 
498 544 538 537 507 516 520 
Water added 
(WZ - %) 
59.6 66.2 65.6 67.4 60.7 57.1 57.8 
Stability  
(S-mm:ss) 
8:09 4:41 15:18 11:43 4:44 8:01 6:18 
Degree of 
softening  
(10 min after 
beginning)  
(DS - FE) 





(DS.ICC – FE) 
43 217 -/- 68 129 52 154 
Farinograph 
quality number 
(FQN – mm) 
91 65 177 138 75 97 81 
  
 The addition of protein ingredients, in general, increased the development time, with an exception in case of the 
hemp ingredient. The amount of water needed to obtain a dough of 500 farinographic units increased also, with the 
exception in case of hemp and sea buckthorn ingredients. A very good stability was observed for the dough with 
pea protein isolate and soy protein isolate, the ingredients with the higher protein content. The dough became very 
sticky and with a higher degree of softening (after 10 min) for the samples with Pleurotus flour, oat protein 
concentrate and sea buckthorn ingredients. 
 In the Table 4 the values for de parameters measured by Mixolab equipment are presented and profiles of 
mixture with flour and protein ingredients are shown in Figure 2. 
 
 
 Figure 2. Mixolab profile of mixtures of wheat flour and protein ingredients 
 
 Parameters C1 and C2 provide information about the properties of proteins, while the other parameters (C3, C4 
and C5) refer to the behavior of starch. C1 is used to calculate the water absorption of the flour (%) to produce a 
maximum torque of 1.1 Nm during mixing. C2 is the torque related to protein weakening due to mechanical work 
and temperature rise; C3 measures the gelatinization of starch; C4 measures the stability of gelatinized starch and 
C5 measures the downgrade of starch in the cooling phase (Dubat, 2010; Collar et. al., 2013; Collar et. al., 2014; 
Culețu et. al. 2015). Other parameters calculated from the Mixolab curve refer to: the dough development time, 
which is the time required to reach the maximum torque of 1.1 Nm and the stability, which is the mixing resistance 
of the dough. 






















3.02 3.63 8.6 5.1 3.72 5.17 4.62 
Stability 
[min] 
8.45 5.32 9.83 10.38 4.2 7.57 5.62 
C1 [Nm] 1.086 1.084 1.123 1.141 1.125 1.109 1.094 
C2 [Nm] 0.445 0.226 0.45 0.504 0.291 0.392 0.256 
C3 [Nm] 1.871 1.318 1.748 1.724 1.811 1.963 1.908 
C4 [Nm] 1.752 1.107 1.554 1.557 1.763 2.005 1.275 
C5 [Nm] 2.904 1.618 2.514 2.354 2.686 3.357 2.973 
  
 The formation time increased in the samples with 10% protein mixture from 3.63 minutes in the sample with 
the addition of Pleurotus to 8.6 minutes in the sample with the addition of peas, but this had a short time until 
stability (9.83 minutes). The shortest type from formation to sample stability was recorded in the oat-added sample, 
while the soy-added sample had the longest time to stability (10.38 minutes). C2 records the softening of the dough 
due to proteins, depending on the mechanical work and temperature, the lowest value recorded was the sample 
with the addition of Pleurotus (0.226 Nm) and represents a low resistance of the protein network, which is 
correlated with an intense weakening of the network protein. 
 Parameter C3 - marks the gelatinization of starch. The highest value for this parameter was recorded in the 
sample with added hemp (1.963 Nm). This indicates that the addition of hemp produced a dough with a higher 
ability to stick to starch. Parameter C4 - marks the moment when the enzymatic activation takes place. The sample 
with the addition of hemp had the highest value (2.005 Nm) which represents a higher stability of the starch gel. 
 C5 - marks the retrograde of starch during the cooling phase, here the sample with the addition of hemp 
registered the highest value (3.357 Nm) which the needles represent an increase of the viscosity instead the sample 
with the addition of Pleurotus registered the lowest value (1.618 Nm) which led to a lower downgrade of the starch 
compared to the other samples. Starch downgrade is related to the bread staling process (Gray and Bemiller, 2003). 
 The results obtained following the texture analysis for the dough made of wheat flour and the six mixtures of 
wheat flour and 10% protein powder are found in the Figure 3. and Table 5. 
 
Figure 3. Dough firmness variation 
 
 The variation of the firmness of the dough samples from the least firm to the firmest was: oat < wheat flour < 
hemp < sea buckthorn < Pleurotus < soy < pea. 




















Firmness I, N 1.22 ± 0.06 2.09 ± 0.2 2.32 ± 0.24 2.23 ± 0.05 1.07 ± 0.04 1.41 ± 0.15 1.54 ± 0.02 
Firmness II, N 1.09 ± 0.06 1.87 ± 0.16 2.11 ± 0.16 2.02 ± 0.03 0.95 ± 0.03 1.27 ± 0.12 1.44 ± 0.02 
Elasticity 0.96 ± 0.01 0.96 ± 0.02 0.84 ± 0.12 0.84 ± 0.03 0.97 ± 0.01 0.96 ± 0.01 0.88 ± 0.07 
Cohesiveness 0.71 ± 0.03 0.69 ± 0.03 0.67 ± 0.03 0.67 ± 0.02 0.68 ± 0.01 0.69 ± 0.02 0.71 ± 0.03 
Gumminess, N 0.86 ± 0.02 1.44 ± 0.11 1.55 ± 0.23 1.49 ± 0.02 0.73 ± 0.03 0.97 ± 0.08 1.09 ± 0.06 
  
 The addition of protein ingredients increased the firmess of the doughs in comparison with the control (wheat 
flour) with only one exception-the addition of oat protein concentrate, with determined a softer and sticky dough, 
with a lower cohesiveness and gumminess. The elasticity decreased for the samples with pea and soy protein which 
is correlated with an increase in firmess. Cohesiveness was reduced for almost all the samples. For the samples with 
Pleurotus flour, pea protein, soy protein was observed a significant increase in gumminess.  
 Figures 4-6 show the data obtained with rheometer equipment for elasticity modulus or viscosity modulus and 
dough deformation. 
 The storage modulus (G') and the loss modulus (G'') of wheat flour dough and dough with added protein powder 
are shown in the following graphs. G' is a measure of the solid or elastic behavior of the dough, while G'' is a measure 
of the liquid or viscous character (Barnes et al., 1989; Meng et. al., 2019; Culețu et. al., 2015). 
 
Figure 4. Variation of modulus of elasticity (G') as a function of frequency (f) in dough samples 
 
Figure 5. Variation of viscosity modulus (G'') as a function of frequency (f) in dough samples. 
 
 For all dough samples studied, G' is higher than G'', which indicates a more elastic than viscous behavior of the 
dough. Dynamic modules have higher values for sea buckthorn dough compared to the rest of the samples. The 
elasticity of the dough was similar for the soybean, hemp, oat and Pleurotus samples, followed by the pea dough. 
The pea dough showed the lowest viscosity value, and the sea buckthorn dough the highest value, at the frequency 
value of 1 Hz. Wheat flour and soybean dough also showed the same viscosity value, oat, hemp and Pleurotus dough 
had similar values. 
 
 
Figure 6. Dough deformation curves  
 
 The deformation of the dough changes over time. The pea and Pleurotus dough had a higher mechanical strength 
and was much stiffer than the rest of the samples. Oatmeal showed the lowest resistance to deformation compared 
to the rest of the samples. 
 The strain of the dough changes over time. The higher strain of the oat dough showed that this sample presented 
less resistance to deformation than the other doughs. The doughs with pea and Pleurotus showed higher mechanical 
strength than the control sample and the other types of proteins. 
 
CONCLUSIONS 
There is great interest nowadays to obtain healthier food products, dense nutritionally, with improved protein 
control but also in using more plant protein sources instead of animal proteins. Different plant sources can be used 
to increase the nutritional value of baked products which represent a very good vector for a healthy diet but these 
will bring changes in the structure and rheological behaviour of the dough.  
 Soy and pea protein isolate increased the stability of the dough when 10% from wheat flour was replaced with 
isolate, determined dough firmer, with a good resistance at kneading (a lower degree of softening). Also, the colour 
of the doughs didn’t change very much, these ingredients being adequate for obtaining protein improved bread 
products. The addition of 10% hemp protein ingredient didn’t change very much the stability of the dough but 
influenced the colour. These ingredients can be used with success to improve the composition of bread using a 
brown wheat flour.  
 The other protein ingredients (Pleurotus flour, oat protein concentrates and sea buckthorn protein ingredient) 
changed dramatically the rheological behaviour of the dough for 10% addition low stability of the dough, the 
softening increased, the smell and color have modified. However, these ingredients changed by used in other types 
of bakery products like cookies, biscuits, brioches where the technological process is not influenced by kneading or 
fermentation. 
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